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We propose a nonlinear massive gravitational theory which includes F (R) modifications. This con-
struction inherits the benefits of the de Rham-Gabadadze-Tolley model and is free of the Boulware-
Deser ghost due to the existence of a Hamiltonian constraint accompanied by a nontrivial secondary
one. The scalar perturbations in a cosmological background can be stabilized at the linear level
for a wide class of the F (R) models. The linear scalar mode arisen from the F (R) sector can
absorb the nonlinear longitudinal graviton, and hence, our scenario demonstrates the possibility
of a gravitational Goldstone theorem. Finally, due to the combined contribution of the F (R) and
graviton-mass sectors, the proposed theory allows for a large class of cosmological evolutions, such
as the simultaneous and unified description of inflation and late-time acceleration.
PACS numbers: 04.50.Kd, 14.70.Kv, 98.80.-k, 98.80.Es
I. INTRODUCTION
The search for a consistent theory of massive gravity
has been open for decades. Its motivations arise from
both theoretical considerations, namely to understand
the construction procedure of a massive spin-2 theory,
as well as (lately) from observational requirements, that
is to explain the universe acceleration through such an
Infra-Red (IR) modification of General Relativity. How-
ever, since the first, linear approach [1], the subject re-
mains a theoretically intriguing problem.
In the instructive idea of Fierz and Pauli [1] Gen-
eral Relativity is extended by introducing a linear mass
term and thus the theory involves at least 5 degrees of
freedom (DoF), representing a massive spin-2 field in a
Poincare´ invariant background. However, it turns out
that the graviton’s longitudinal DoF remains coupled to
the trace of the energy-momentum tensor regardless the
smallness of the graviton mass. This leads to the fa-
mous van Dam-Veltman-Zakharov (vDVZ) discontinuity
[2] and thus to a severe challenge by experiments and
observations. This discontinuity can be alleviated at the
nonlinear level through the Vainshtein mechanism [3],
however, due to the constraints on the dynamical vari-
ables, the same nonlinearities give rise to a ghost insta-
bility, called Boulware-Deser (BD) ghost [4]. Using the
effective field theory approach one can show that the BD
ghost is related to the Goldstone boson associated with
the broken general covariance [5].
The above inconsistencies puzzled physicists for years.
Recently de Rham, Gabadadze and Tolley (dRGT)
showed that the BD ghost can be removed in a suit-
able nonlinear massive gravitational theory [6]. In par-
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ticular, due to a delicate construction of the graviton
potential, the Hamiltonian constraint and the associated
secondary one are restored, and thus this IR modified
theory becomes free from BD ghosts [7]. Apart from
the theoretical interest, dRGT construction has the ad-
ditional advantage that its application to a cosmological
framework leads to late-time cosmic acceleration, where
a sufficiently small value of the graviton mass mimics an
effective cosmological constant [8–10]. However, as was
shown in [11], cosmological perturbations of the dRGT
massive gravity around background solutions exhibit in-
stabilities.
On the other hand, after the 60’s physicists realized
that although General Relativity is not renormalizable,
possible high-energy corrections could improve renormal-
izability and thus quantization [12, 13]. Although these
Ultra-violet (UV) corrections are expected to be of quan-
tum origin or arise from an underlying fundamental the-
ory such as string theory (for example see [14, 15]), one
can describe them effectively, by investigating a classical,
modified, gravitational action. The simplest model of
such an UV modified gravity, that can sufficiently encap-
sulate the basic properties of higher-order gravitational
theories, is the F (R) paradigm, in which the gravita-
tional Lagrangian is extended to an arbitrary function of
the Ricci scalar (see [16] for a review). The correspond-
ing F (R) cosmology is able to describe the inflationary
epoch, and in particular the well-known Starobinsky’s
R2-inflation scenario [17] proves to be the best-fitted sce-
nario with the recently-released Planck data [18].
Inspired by the above discussion, in this Letter we pro-
pose a modification of General Relativity both in the
UV and IR regimes, that is the F (R) nonlinear mas-
sive gravity. In this theory, the extra scalar DoF of the
F (R) sector, clearly seen through a conformal transfor-
mation, has a positive-defined kinetic term as usual, and
its interaction with the massive sector can stabilize met-
ric perturbation of scalar type at linear order (this is a
novel feature, not present in [19]). In summary, the total
2theory is not only free of BD ghosts at the fundamental
level, but it is also free of linear cosmological perturbative
instabilities for the largest part of its parameter space,
even in homogeneous and isotropic geometries. Finally,
the increased freedom of both F (R) and massive-graviton
sectors can lead to a large class of interesting cosmologi-
cal behaviors at early and late times, in agreement with
observations.
II. THE SETUP
Imposing both the UV (F (R) sector) and IR (graviton-
mass sector) modifications, the total action becomes
S =
M2p
2
∫
d4x
√
|g| [F (R) + 2m2gUM ] , (1)
whereMp the Planck mass, g the physical metric and mg
the graviton mass. As usual in dRGT construction, to
build the dimensionless graviton potential UM one needs
to define the matrix K ≡ I − X, where X ≡
√
g−1f
involves a non-dynamical (fiducial) metric f 1. Then,
the regular anti-symmetrization in 4D space-time yields
the following polynomials
U2 = Kµ[µKνν] , U3 = Kµ[µKννKσσ] , U4 = Kµ[µKννKσσKρρ] ,(2)
and the graviton potential is given by UM = U2+α3U3+
α4U4, containing two dimensionless parameters (α3, α4).
The UV sector inherits the remarkable properties
of the F (R) term. In particular, by performing the
conformal transformation gµν → g˜µν = Ω2gµν with
Ω = exp[ ϕ√
6Mp
], the F (R) part can be reformulated as
the standard General Relativity minimally coupled to a
canonical scalar field ϕ, with effective potential
U(ϕ) =M2p (RF,R − F )/2F 2,R , (3)
where F,R ≡ ∂F/∂R. Additionally, the conformal trans-
formation acts on the IR sector too, with the graviton
potentials transforming as
U˜M =
4∑
i=0
Ωi−4βiEi , (4)
where βi = (−1)i[(4 − i)(3 − i)/2 + (4 − i)α3 + α4]. In
this expression, based on the transformed matrix X˜ ≡√
g˜−1f , we have introduced the elementary symmetric
polynomial Ei as:
E0 = 1 , E1 = X˜µµ , E2 = X˜µ[µX˜νν] ,
E3 = X˜µ[µX˜ννX˜σσ] , E4 = X˜µ[µX˜ννX˜σσX˜ρρ] . (5)
1 We use small f to denote the fiducial metric, and capital F to
denote the function F (R).
Then the resulting Lagrangian in the Einstein frame can
be written as
L =
√
|g˜|
[
M2p
2
(R˜+ 2m2gU˜M )−
1
2
∂µϕ∂
µϕ− U(ϕ)
]
. (6)
At first sight one might feel that our construction has
a relation with the quasi-dilaton massive gravity [20] and
the mass-varying massive gravity [21, 22]. However, these
scenarios are radically different, straightaway from the
starting point of the model-building, and moreover they
obey completely different symmetries. In particular, in
the quasi-dilaton massive gravity the coefficient in front
of the kinetic term of the scalar field is a free parameter,
while in our model it results to be unity, and this fea-
ture has a crucial effect on the perturbational analysis,
reducing the number of degrees of freedom as we will see.
Additionally, while in mass-varying massive gravity the
separate gravitational terms acquire a common overall
factor, in the present construction they result obtaining
different scalar-field dependencies, which make the two
models radically different.
III. HAMILTONIAN CONSTRAINT ANALYSIS
To examine the BD ghost issue, one must perform the
Hamiltonian constraint analysis [7]. For simplicity we
work within the Einstein frame and expand the metrics
using the famous Arnowitt-Deser-Misner (ADM) formal-
ism:
g˜µνdx
µ
dx
ν = −(N0g )
2
dt
2 + γij(dx
i +N igdt)(dx
j +N jgdt),
fσρdx
σ
dx
ρ = −(N0f )
2
dt
2 + ωab(dx
a +Naf dt)(dx
b +Nbfdt).(7)
The lapse N0g and shift
~Ng (the three N
i
g’s expressed as
vector) of the physical metric, as well as the correspond-
ing ones for the fiducial metric, N0f and
~Nf respectively,
are all non-dynamical. In massive gravity γij allows for
at most six propagating modes, one of them being the ori-
gin of the BD ghost. A potentially healthy theory must
maintain a single constraint on γ¯ (from now on a bar
denotes the matrix form) and the conjugate momenta,
along with an associated secondary constraint, which will
lead to the elimination of the ghost DoF. In the following
we briefly show the existence of these constraints in F (R)
massive gravity, one can find additional details in [23].
In order to introduce the Lagrange multiplier ex-
plicitly, we define a new shift ~η through ~Ng − ~Nf =
(N0f I + N
0
gD)~η, where I is the 3 × 3 unit matrix and
the 3 × 3 matrix D satisfies λDD = [γ¯−1 − (D~η)(D~η)T]ω¯
with λ = 1 − ~ηTω¯~η. The conjugate momenta are de-
fined as π ≡ δSGδϕ˙ and Π¯ ≡ δSGδ ˙¯γ . Then we can derive the
Hamiltonian as:
H =
∫
d3x[H−N0g C(ϕ, π, γ¯, Π¯, ~η)], (8)
3where
H = −(N0f ~η + ~Nf ) ~R−N0f
√
|γ¯|FHm2gM2p , (9)
C = R+ ~RTD~η +
√
|γ¯|FCm2gM2p . (10)
Here we have introduced the coefficients:
R =
√
|γ¯|
2
[
M2pR3 − ϕ,iϕ,i − U(ϕ)
]
+
1√
|γ¯|
[
(TrΠ¯)
2
M2p
− 2Π¯
2
M2p
− π
2
2
]
(11)
and
Ri = 2γijΠjk;k − πϕ,i, (12)
while the coefficients appearing in the mass terms are
FH =
β1λ
1
2
Ω3
+
β2
Ω2
[
λTrD+ ~ηTω¯D~η
]
+
β3
Ω
[
2λ
1
2 D
[l
l η
i]
ωijD
j
kη
k + λ
3
2 D
[i
i D
j]
j
]
+
β4|ω¯|
1
2
|γ¯|
1
2
, (13)
FC =
β0
Ω4
+
β1λ
1
2TrD
Ω3
+
β2λD
[i
i D
j]
j
Ω2
+
β3λ
3
2
Ω
D
[i
i D
j
jD
k]
k . (14)
Varying the Hamiltonian with respect to the new shift
~η does not yield any constraints, but due to this new shift
vector the variation with the lapse function N0g does give
a constraint which reads,
C(ϕ, π, γ¯, Π¯, ~η) = 0 . (15)
In order for this constraint to hold at all times we must
also demand that
C(2) = {C,H} = 0, (16)
where the Poisson brackets of two quantities are defined
as
{O1(x),O2(y)} =
∑
i
∫
d3z
[δO1(x)
δqi
δO2(y)
δpi
− δO1(x)
δpi
δO2(y)
δqi
]
, (17)
with the qi being the canonical variables (γij , ϕ) and p
i
their conjugate momenta (Πij , π).
Equation (16) must generate a needed second con-
straint on ϕ, γ¯ and their conjugate momenta, therefore it
must not vanish identically and/or must not be an equa-
tion that determines the lapse function N0g . The latter
condition will not hold if {C(x), C(y)} does not vanish as
it appears in C(2) with N0g as its coefficient. Fortunately,
one can show that {C(x), C(y)}=0 identically [7, 23]. The
remaining term C(2) = {C, ∫ d3xH(x)} becomes
C(2) =C∇i(Nfηi +N if ) +m2gM2p (γmnΠkk − 2Πmn)FmnH
+m2gM
2
pNfD
i
kη
k
(
2
√
γ(∇mFmnH )γni −
∂FH
∂ϕ
∂iϕ
)
+∇i(Nfηi +N if )(RjDjkηk −m2gM2p
√
γγjkB
kj)
−m2gM2p (Nfηi +N if )
√
γ
∂FC
∂ϕ
∂iϕ, (18)
with FmnH =
1√
γ
∂(
√
γFH)
∂γmn
and
Bki =γkm
[ β1
λ1/2
ωma(D
−1)aj + β2
(
ωma(D
−1)ajD
b
b − ωmj
)
+ β3λ
1/2
[
ωma(D
−1)aj − ωmj(D−1)aa
]
+
β3λ
1/2
2
ωma(D
−1)aj (D
a
aD
b
b − DabDba)
]
γji. (19)
From this expression we see that C(2) contains no mention
ofN0g and is not proportional to the original constraint C,
hence it does not vanish identically when C = 0. There-
fore imposing
{C,
∫
d3xH(x)} = 0 , (20)
gives a second nontrivial constraint. This result is not
too surprising as the effect of considering F (R) gravity
amounts to (in the Einstein frame) multiplying each of
the graviton’s mass terms by a power of the conformal
factor Ω. Therefore the structure of Eq. (2) which is
responsible for the elimination of the BD ghost is still
preserved as seen in Eq. (5).
Now since C(2) = 0 must remain valid at all times
one must make sure that the equation {C(2), H} = 0
does not lead to additional constraints but instead give
an equation determining N0g . This is the case only if
{C(2), ∫ d3xH(x)} 6= 0 and {C(2), C} 6= 0. These two
conditions are satisfied by the Fierz-Pauli constraints for
which C(2) and C reduces to at lowest order in the γij , πij
fields and with ϕ = 0. Therefore as argued in [7], consid-
ering the terms of higher order in the fields cannot change
{C(2), ∫ d3xH(x)} and {C(2), C} in a way that makes them
vanish identically. Additionally, since ϕ = 0 belongs to
the constraining surface, adding this new DoF will not
change the fact that no tertiary constraint exists. Hence
we see that the effect of considering an F (R) modification
does not lead to a resurgence of the BD ghost.
IV. COSMOLOGY
When applied in cosmological frameworks, the scenario
of F (R) massive gravity exhibits a large class of phe-
nomenological behaviors due to the combination of the
F (R) and graviton-mass sectors. Let us start with a
Minkowski fiducial metric fσρ = ησρ. The model allows
only for open Friedmann-Robertson-Walker (FRW) uni-
verse, and thus we consider the physical metric in Jordan
frame as
ds2 = −N2dt2 + a2(t)γKij dxidxj , (21)
with γKij dx
idxj = δijdx
idxj−a20(δijxidxj)2
1−a2
0
δijxixj
and a0 =
√
|K|
is associated with the spatial curvature. The Stu¨ckelberg
scalars are: ϕ0 = b(t)
√
1 + a20δijx
ixj , ϕi = a0b(t)x
i.
4Then the polynomials defined in (2) take the forms of
U2 = 3a(a− a0b)(2Na− b′a−Na0b) ,
U3 = (a− a0b)2(4Na− 3ab′ −Na0b) ,
U4 = (a− a0b)3(N − b′) , (22)
where primes denote derivatives with respect to t. Fi-
nally, for simplicity we assume that the gravitational sec-
tor couples minimally to the regular matter component.
Variation of the action with respect to b, N and a
gives respectively the constraint and the two Friedmann
equations, namely
(a˙− a0)Y1 = 0 , (23)
3M2pF,R
(
H2 − a
2
0
a2
)
= ρm + ρIR + ρUV , (24)
M2pF,R
(
−2H˙ − 3H2 + a
2
0
a2
)
= pm + pIR + pUV , (25)
with a˙ = a
′
N andH =
a˙
a . In the above expressions we have
defined the IR (massive gravity) effective contribution
ρIR = m
2
gM
2
p (B − 1)(Y1 + Y2) ,
pIR = −m2gM2p (B − 1)Y2 −m2gM2p (b˙ − 1)Y1 , (26)
as well as the UV (F (R) sector) effective contribution
ρUV =M
2
p
[
RF,R − F
2
− 3HR˙F,RR
]
, (27)
pUV =M
2
p
[
R˙
2
F,RRR + 2HR˙F,RR + R¨F,RR +
F −RF,R
2
]
,
(28)
where the polynomials Y1,2 are given by Y1 = (3−2B)+
α3(3−B)(1−B)+α4(1−B)2 and Y2 = (3−B)+α3(1−B),
with B = a0ba .
Similar to all massive gravity scenarios, Eq. (23) con-
strains the dynamics significantly. As in self-accelerating
backgrounds of dRGT [9], the nontrivial solutions corre-
spond to the case of Y1 = 0 and yield
B± = 1 + 2α3 + α4 ±
√
1 + α3 + α23 − α4
α3 + α4
. (29)
This relation can be always fulfilled by choosing b(t) ∝
a(t), and therefore it yields ρIR = −pIR to be constant,
as it is expected similarly to standard nonlinear massive
gravity [25]. However, the crucial issue is that in the
present model the remaining F (R) sector can be taken
at will, leading to a large class of cosmologies. Amongst
them, an interesting class is when the F (R) sector is im-
portant at early times and thus responsible for inflation,
while the massive graviton is dominant at late times and
can drive the universe acceleration as observed today.
In order to provide a representative example we con-
sider the well-known Starobinsky model with F (R) =
R + ξM2p
R2 in numerical estimates. In the left panel of
0.0 3.0x10-6
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10-25
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a
t 0.0 4.0x10
4
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FIG. 1: The left panel presents three inflationary solutions
corresponding to a) mg = 10
−50, α3 = 2, α4 = −1, a0 =
5 × 10−41, ξ = 1010 (black-solid), b) mg = 10
−50, α3 = 10,
α4 = 10, a0 = 10
−41, ξ = 109 (red-dashed), c) mg = 10
−50,
α3 = 1, α4 = 1, a0 = 10
−40, ξ = 1010 (blue-dash-doted). The
two horizontal lines mark the N = 50 and N = 60 e-folding
regimes. All parameters are in Planck units. The right panel
depicts three late-time accelerating solutions corresponding
to a) mg = 3, α3 = 3, α4 = −5, a0 = 0.05, ξ = 0.5 (black-
solid), b) mg = 1.5, α3 = 1, α4 = −2, a0 = 0.01, ξ = 0.5
(red-dashed), c) mg = 3, α3 = 10, α4 = 1, a0 = 0.05, ξ =
0.5 (blue-dash-doted). All parameters are in units where the
present Hubble parameter is H0 = 1, and we have imposed
Ωm0 ≈ 0.31, ΩDE0 ≈ 0.69, Ωk0 ≈ 0.01 at the present scale
factor a0 = 1.
Fig. 1 we present the early-time inflationary solutions
for three parameter choices, while in the right panel we
depict the late-time self-accelerating solutions. In this
particular choice, the Ricci scalar becomes very small at
late times and thus the F (R)’s contribution is dramat-
ically suppressed by the Planck scale. Therefore, only
the massive-gravity part contributes to the late-time ac-
celeration. However, note that in the general case the
total effective dark energy constitutes of both the mas-
sive gravity as well as the F (R)-modification sectors, that
is ρDE ≡ ρIR+ ρUV. Therefore, our model is expected to
be very interesting phenomenologically [23].
V. PERTURBATION ANALYSIS
The scenario at hand is free of the BD ghost and its
cosmological applications allow for a large class of behav-
iors. However, the last and necessary step is to examine
whether such cosmological applications remain free of in-
stabilities at the perturbative level, which is exactly the
weak and disastrous point of standard nonlinear massive
gravity pointed out in [11] (see also [24, 26]). In the rest
of the Letter we briefly show that the scalar perturbations
in our model can be stable at the linear perturbative level
under certain parameter choices.
For simplicity we work in the Einstein frame, using the
Lagrangian (6), and then consider perturbations around
a homogeneous and isotropic background. The scalar
perturbations of our variables involve the metric part
δg00 = −2N˜2φ , δg0i = N˜ a˜∂iB ,
δgij = a˜
2[2γKij ψ + (∇i∇j −
1
3
γKij∇k∇k)]E , (30)
5and the field fluctuation δϕ. Using the Hamiltonian and
momentum constraints, as well as the background equa-
tions of motion, we can integrate out the non-dynamical
modes, namely φ, B and E. Therefore, the would-be BD
ghost is eliminated in our model. Furthermore, since the
scalar DoF of the graviton is non-dynamical at the linear
level on the self-accelerating solution, one can introduce
the usual Bardeen potential ψB and define a generalized
Mukhanov-Sasaki variable
Q ≡ δϕB + ϕ˙ψB
H
. (31)
This allows us to obtain the perturbation equation of our
single propagating scalar DoF in the Fourier space as
Q¨k + 3HQ˙k +
[
k2
a2
+ U,ϕϕ − 1
M2pa
3
(
a3
H
ϕ˙2)·
]
Qk
=
2m2gY˜Q
3Ω4
Qk − 2K
a2H2
(
ϕ¨− H˙ϕ˙
H
)
ψB , (32)
where Y˜Q ≡ 4(1− B˜)Y˜2 is defined in the Einstein frame.
Note that Q is the only dynamical perturbation variable
since ψB can be determined by it as well.
From the above analysis one can clearly see the qual-
itative difference of the present construction, comparing
to other extended nonlinear massive gravity models, such
are the quasi-dilaton massive gravity [20] and the mass-
varying massive gravity [21]. In particular, these exten-
sions involve two extra scalar DoF, as it can be verified
by counting the number of nonzero eigenvalues of the ma-
trix for the kinetic part of the perturbation action [27].
Applying the method of [27] in the present scenario, by
setting the coefficient in front of the scalar-field kinetic
term to unity, we find that there exists only one nonzero
eigenvalue, and this implies only a single DoF. A detailed
analysis of this issue can be found in the accompanied
paper [23].
The l.h.s. of the perturbation equation (32) is exactly
the same as the usual one in GR plus a scalar field,
but the r.h.s. involves a mass term due to the gravi-
ton potential. Its positivity depends on the coefficient
Y˜Q and directly determines whether the model suffers
from a tachyonic instability or not. Obviously, a healthy
model of F (R) massive gravity requires Y˜Q < 0, which
provides the corresponding allowed regime of the parame-
ter space. Additionally, the last term of (32) appears due
to the spatial curvature. Since this term would easily di-
lute out along the cosmic expansion, it is harmless to the
model when applied into cosmology. Therefore, we con-
clude that there exists enough parameter space for scalar
perturbations to be stable throughout the cosmological
evolutions of phenomenological interest.
VI. CONCLUSIONS
The study of massive gravity may be important in un-
derstanding the observed acceleration of present cosmic
expansion, which is one of the greatest mysteries in mod-
ern physics. In this regard, the question on establishing
a theoretically healthy and observationally viable model
of nonlinear massive gravity has attracted the interest of
the literature.
The theory of F (R) nonlinear massive gravity, as a
possible GR modification both at the IR and UV regimes,
has significant advantages both at the theoretical as well
as at the cosmological levels. Firstly, due to the usual
dRGT-like graviton potential it inherits its benefits and
is free of BD ghosts. Furthermore, due to the freedom
of the F (R) sector combined with the graviton-mass, it
allows for a large class of cosmological evolutions. For
instance a simple R2 form is able to drive both early
universe inflation and late-time acceleration, determining
the whole cosmic evolution in a unified way.
We would like to end by highlighting the advantage
of our model that the perturbations around a cosmolog-
ical background can be stabilized due to the F (R) term,
which introduces a scalar DoF at the linear level, and
hence it constrains the scalar metric perturbations to be
as in GR. Usually, the nonlinear inclusion of the gravita-
tional mass gives rise to a scalar DoF, that is the longitu-
dinal graviton. Although the inclusion of the F (R) sector
at first introduces another scalar mode, this mode nicely
“eats” the nonlinear mode due to the graviton mass, and
moreover it imposes the constraint on the stability. This
mechanism is very similar to the process of the sponta-
neous symmetry breaking of particle physics governed by
the Goldstone theorem. In this respect, the possible in-
stabilities that could appear at higher nonlinear regime,
do not appear unless the perturbation theory itself break
down. Additionally, we mention that once the pertur-
bations evolve into nonlinear regime, higher curvature
terms would become important accompanied by the high
energy scale, and thus completely change the dynamics
of the theory. The above features may reveal that the UV
and IR behaviors of gravitation may not be independent.
The possibility of a gravitational Goldstone theorem
deserves further investigation. In particular, since the
F (R) sector can be reformulated as a scalar field mini-
mally coupled to the Ricci scalar with an effective poten-
tial, and since for a wide class of F (R) forms the effective
potential approaches an extremely flat plateau in the UV
regime, then from the viewpoint of symmetry the corre-
sponding effective potential indicates an approximately
shift symmetry along the scalar field. When the scalar
field evolves into the IR regime it is stabilized at the
vacuum and therefore the shift symmetry can be spon-
taneously broken. One may make an analogue with the
scalar field and the dilaton. Thus, one at first expects
the second propagating scalar mode to appear in the IR
regime, however, it was eaten by the dilaton field through
the process of the spontaneous shift symmetry breaking.
This interesting property is perhaps an indication for the
aforementioned possibility of a gravitational Goldstone
theorem.
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